Supplementary Figure 2 | SEM and TEM images of Ni(OH) 2 /MWNT composites. Supplementary
and 2B give the SEM images of Ni(OH) 2 /MWNT composites. The SEM images clearly show that the Ni(OH) 2 is well distributed on the netlike structure MWNTs. Supplementary Figure 2C and 2D show the TEM images of the Ni(OH) 2 /MWNTs composites. Herein, the CNTs supporter with high electronic conductivity is just used to alleviate the polarization arising from electrode impedance in CV investigation. Figure 3 shows the typical galvanostatic charge-discharge curve of electrode based on Ni(OH) 2 ). An alkaline water electrolytic cell was constructed with a Co 3 O 4 -electode for OER, a commercial Ni-foam electrode for HER and a Ni(OH) 2 electrode (See Supplementary  Movie 3 and 4) . Water electrolysis of the cell was investigated by chronopotentiometry measurements with an applied current of 200 mA. Chronopotentiometry curve (cell voltage vs. time) of the electrolytic cell is shown in Supplementary Figure 13a . The chronopotentiometry curve of the cell using precious electrodes tested at the same condition is also shown in Supplementary Figure 13a for comparison. In addition, OER potential on Co 3 O 4 electrode and HER potential on Ni-foam electrode were investigated, in comparison with that on precious electrodes (see Supplementary Figure 13b ). It can be observed from Supplementary Figure 13a that when using non-precious electrodes, the electrolysis process still includes two separate steps (Step 1 and 2) with different cell voltages. However, the cell voltages of the cell using non-precious electrodes (0.526V on step 1 and 1.611 V on step 2) are higher than that of the cell using precious electrodes (0.432V on step 1 and 1.553 V on step 2), which is owing to the lower catalytic ability of non-precious electrodes. As shown in Supplementary Figure 13b , the OER potential on Co 3 O 4 electrode (0.788 V vs. Hg/HgO) is higher than that on commercialized RuO 2 /IrO 2 coated Ti-mesh (0.691 V vs. Hg/HgO). The HER potential on Ni-foam electrode (-1.177 V vs. Hg/HgO) is lower than that on commercialized Pt coated Ti-mesh (-1.124V vs. Hg/HgO). The cycle of step 1 (H 2 production) and step 2 (O 2 production) in the cell using non-precious electrodes was also investigated with an applied current of 200 mA (Supplementary Figure 13c) . The achieved cycle performance is similar to that achieved by the cell using precious electrodes. In addition, the video evidence was also given in Supplementary Movie 3 and 4 to confirm the separate H 2 /O 2 generation in the cell using non-precious electrodes. Figure 14|Driven voltage comparison at 200 mA between one-step system and two-step system. (a) one-step electrolysis using precious electrodes. (b) two-step electrolysis using precious electrodes. (c) one-step electrolysis using non-precious electrodes. (d) two-step electrolysis using non-precious electrodes.
Supplementary Figure 3 | Galvanostatic charge-discharge curve of Ni(OH) 2 /MWNT. Supplementary
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In this experiment, chronopotentiometry measurement with an applied current of 200 mA was employed to investigate the one-step electrolysis process that is based on a commercialized RuO 2 /IrO 2 coated Ti-mesh anode (2.5×4 cm 2 ) for OER and a commercialized Pt coated Ti-mesh cathode (2.5×4 cm 2 ) for HER in an alkaline medium. The achieved chronopotentiometry curve of one-step electrolysis is shown in Supplementary Figure 14a , where it can be detected that the cell exhibits a voltage of 1.829 V with the applied current of 200 mA. The chronopotentiometry curve tested at 200 mA of two-step system using precious electrodes [RuO 2 /IrO 2 coated Ti-mesh electrode (2.5×4 cm 2 ) , Pt coated Ti-mesh electrode (2.5×4 cm 2 ) and Ni(OH) 2 electrode (2.5×4 cm 2 )] is shown Supplementary Figure 14b , where it can be observed that the two steps display a total cell voltage of 1.985 V (1.553 + 0.432 V). Therefore, the efficiency of the two-step cell using precious electrodes should be 92% (=1.829/1.985) compared to corresponding one-step system. In addition, the one-step system that is based on non-precious electrodes [Co 3 O 4 -based anode (2.5×4 cm 2 ) + Ni-foam cathode (2.5×4 cm
2 )] was investigated by chronopotentiometry measurement with an applied current of 200 mA (Supplementary Figure 14c) . It can be observed from Supplementary Figure 14c that the one-step system using non-precious electrodes exhibits a cell voltage of 1.973 V. At the same test condition, the two-step system using non-precious electrodes displays a total cell voltage of 2.137 V (1.611 + 0.526 V) (Supplementary Figure 14d) . The efficiency also is about 92% (=1.973/2.137) compared to corresponding one-step system. Self-discharge is a very common phenomenon for batteries. A very limited self-discharge is a quality index of any successfully commercialized battery. Ni(OH) 2 -based rechargeable batteries (such as nickel metal hydride (Ni-MH) batteries and nickel-cadmium (Ni-Cd) batteries) have been commercialized for a very long time, and still play an important role on current battery market. Therefore, it is undoubted that the self-discharge of nickel hydroxide electrode is very limited. We believe that a lot of readers have the experience that their full charged Ni-MH or Ni-Cd batteries still can work even after several weeks (or months) rest. To clarify this point, self-discharge performance of a NiOOH electrode (2.5×4 cm 2 ) was investigated with three-electrode method.
Firstly, the Ni(OH) 2 electrode was cycled with an applied current of 100 mA without any rest time between charge and discharge (Supplementary Figure 16a) . In the experiment, the Ni(OH) 2 was charged for 2.25 hours, and then was directly discharged to 0 V (vs. Hg/HgO). As shown in Supplementary Figure 16a , the discharge time is 2.25 hours, indicating totally reversibility. Next, the same Ni(OH) 2 electrode was cycled at the current of 100 mA with a consecutive three-step, including a charge step of 2.25 hours (Supplementary Figure 16b) , a rest step of 24 hours (Supplementary Figure 16c) and a discharge step (Supplementary Figure 16d) . Supplementary Figure 16b shows the charge curve of the Ni(OH) 2 electrode over 2.25 hours. Supplementary Figure 16c shows the potential (vs.
Hg/HgO) change of the charged Ni(OH) 2 electrode over rest of 24 hours, where it can be detected that the potential reduces slightly. The discharge curve after 24 hours rest of the electrode is given in Supplementary Figure 16d Supplementary Figure 20|A schematic illustration of the two-step alkaline water electrolytic with two separate rooms for H 2 production (step 1) and O 2 production (step 2), respectively. 2 /NiOOH) electrode is used as "a solid-state proton buffer" that can be moved between room-1 for H 2 production (step 1) and room-2 for O 2 production (step 2).
